Boron (B) is an essential micronutrient for plants. Efflux-type B transporters, BORs, have been identified in Arabidopsis thaliana and rice. Here we identified BOR1 genes encoding B efflux transporters, from the hexaploid genome of wheat (Triticum aestivum L.). We cloned three genes closely related to OsBOR1 and named them TaBOR1.1, TaBOR1.2 and TaBOR1.3. All three TaBOR1s showed B efflux activities when expressed in tobacco BY-2 cells. TaBOR1-green fluorescent protein (GFP) fusion proteins were expressed in Arabidopsis leaf cells localized in the plasma membrane. The transcript accumulation patterns of the three genes differ in terms of tissue specificity and B nutrition responses. In roots, transcripts for all three genes accumulated abundantly while in shoots, the TaBOR1.2 transcript is the most abundant, followed by those of TaBOR1.1 and TaBOR1.3. Accumulation of TaBOR1.1 transcript is up-regulated under B deficiency conditions in both roots and shoots. In contrast, TaBOR1.2 transcript accumulation significantly increased in roots under excess B conditions. TaBOR1.3 transcript accumulation was reduced under excess B. Taken together, these results demonstrated that TaBOR1s are the B efflux transporters in wheat and, interestingly, the genes on the A, B and D genomes have different expression patterns.
Introduction
Boron (B) is an essential micronutrient playing important roles for growth in plants (Marschner 1995) . Its adequate supply is required for both high yield and good quality of crops (Camacho-Cristobal et al. 2011) . B deficiency is a widespread agricultural problem in >100 crops in 80 countries (Shorrocks et al. 1997) . The most evident effect of B deficiency is defects in cell expansion/elongation. Reduction of cell enlargement is evident in growing tissue and consequently results in cessation of root elongation and leaf expansion. Furthermore, apical dominance, flower development and fruit and seed set are also inhibited under the condition of B limitation (Dell and Huang 1997, Miwa et al. 2006) . Under conditions of low B supply, B was found to be located predominantly in cell walls in association with rhamnogalacturonan II, a component of pectic polysaccharides. The borate-cross-linked rhamnogalacturonan II is necessary for intercellular attachment of cells and the maintenance of cell wall structure in plants (Matoh 1997 , O'Neill et al. 2004 ). To our knowledge, this is the only experimentally proven molecular function of B in plants. However, the symptoms of B deficiency reflect the several other functions that B fulfills in the plant. It is also known that the extent and pattern of B deficiency symptoms differ greatly among plant species.
It has long been believed that B is passively absorbed by the root cell through simple diffusion (Marschner 1995) . It is now known that several boron transporters regulate B uptake and translocation in plants. B as boric acid can be transported from soil solution into root cells by facilitated diffusion through channel proteins, nodulin 26-like intrinsic protein (NIP) 5;1 in Arabidopsis thaliana (Takano et al. 2006) . It is also demonstrated that NIP6;1 is important for B distribution in shoots (Tanaka and Fujiwara 2008) . Xylem loading of B is mediated by BOR1, a secondary active B efflux transporter (Takano et al. 2002) . The bor1-1 mutant exhibited severe shoot growth inhibition and reduced fertility under low B conditions (Noguchi et al. 1997) . It has also been demonstrated that expression of boron transporters is regulated in response to boron conditions in media. BOR1 accumulates to a high level in response to low B conditions in A. thaliana (Takano et al. 2005) . Besides A. thaliana, BOR1-like genes are widely present in eukaryotic genomes. So far, functional BOR1-like genes have been identified from Saccharomyces cerevisiae (Takano et al. 2002) , Eucalyptus (Domingues et al. 2005) , rice (Nakagawa et al. 2007 ), Brassica napus (Sun et al. 2012 ) and grapes (PerezCastro et al. 2012 ). To date, BOR1 genes in wheat have not yet been characterized.
Wheat (Triticum aestivum L.) is a staple cereal throughout the world (Rashid et al. 2011 ). There is a narrow margin between B deficiency and toxicity in wheat. B deficiency may occur at tissue concentrations <10 mg g -1 , whereas B toxicity may appear at tissue concentrations >100 mg g -1 (Marschner 1995) . B deficiency is a critical problem for wheat production in many countries and regions with high rainfall, including many areas of the subtropics (Rerkasem and Jamjod 2004, Emon et al. 2010) . Wheat is more susceptible to B deficiency than rice, maize and some dicotyledons, including soybean and mungbean. In wheat, B deficiency depresses yield primarily through grain set failure (Rerkasem and Jamjod 2004) . To overcome the problem of B deficiency in wheat, it is of fundamental importance to understand the molecular mechanisms of B transport through identification of transporters. In the case of A. thaliana, it is reported that high levels of expression of BOR1 lead to tolerance to B deficiency (Miwa et al. 2006) .
In the present study, we identified three orthologs of OsBOR1, TaBOR1.1, TaBOR1.2 and TaBOR1.3, from wheat. We demonstrated that these encode functional efflux-type B transporters. Moreover, we demonstrated that mRNA accumulation of TaBOR1 genes was regulated by B status, and the patterns were different from those of AtBOR1 and OsBOR1.
Results

Phylogenetic analysis of TaBOR1 genes
A database search of the wheat genome for OsBOR1-like genes identified three genes. Based on the predicted amino acid sequences, we named these genes, TaBOR1.1, TaBOR1.2 and TaBOR1.3. To confirm the nucleotide sequences of the TaBOR1 genes in the database, we amplified the corresponding cDNA from mRNA isolated from leaves of wheat cultivar Chinese Spring by reverse transcription-PCR (RT-PCR) using primers 5 0 -GGGCAGGTGAATCCCTTCCC-3 0 and 5 0 -ATGCCAA TGTCTGCACCGCG-3 0 for TaBOR1.1; 5 0 -GTACGCTCTCCGACT CCTTG-3 0 and 5 0 -ATGCCAATGTCTGCACTGCC-3 0 for Ta BOR1.2; and 5 0 -GGCAGGTGAATCCCTTGTCG-3 0 and 5 0 -ATG CCAATGTCTGCACTGCT-3 0 for TaBOR1.3, followed by nucleotide sequence determination (Fig. 1A) . Among the TaBOR1 genes, the product of TaBOR1.1 showed 98% and 99% identity of the predicted amino acid sequences with those of TaBOR1.2 and TaBOR1.3, respectively, while the predicted amino acid sequence of the product of TaBOR1.2 showed 99% identity with that of TaBOR1.3. All three TaBOR1 gene products are 91% identical in amino acid sequence to that of OsBOR1 and showed 79-80% similarity on the amino acid level to AtBOR1 (Fig. 1A) . The phylogenetic analysis established that TaBOR1.1, TaBOR1.2 and TaBOR1.3 are very similar to each other and these genes are closely related to OsBOR1 and AtBOR genes (Fig. 1B) .
Boron transport activity of TaBOR1s
To examine the B transport activity of TaBOR1s, the corresponding cDNAs were stably expressed in BY-2 cells under the control of the maize ubiquitin1 promoter (pUbi). To obtain stably transformed BY-2 cells, cells were co-cultured with Agrobacterium carrying vectors for transformation, followed by selection by kanamycin on solid medium. After the selection, transformants on a dish were collected and brought back to liquid culture before B uptake studies. Thus, the transformed BY-2 cells in our experiments are mixtures of a number of independently transformed cells.
Cells were incubated for 60 min in medium containing 1 mM boric acid, and the B concentrations in the cells were determined by inductively coupled plasma mass spectrometry (ICP-MS). After a 1 h exposure, the B concentration of BY-2 cells transformed with the vector was 13.9 nmol mg -1 DW, whereas the B concentrations in cells expressing TaBOR1.1, TaBOR1.2 and TaBOR1.3 were 5.8, 7.2 and 8.6 nmol mg -1 DW, respectively. These results established that the B concentrations in BY-2 cells were reduced to 57, 50 and 43% of those of the vector control by expression of TaBOR1.1, TaBOR1.2 and TaBOR1.3, respectively (Fig. 2) , suggesting that all TaBOR1s are functional efflux-type B transporters similar to AtBOR1 and OsBOR1 (Takano et al. 2002 , Nakagawa et al. 2007 ).
Subcellular localization of TaBOR1s in Arabidopsis leaf cells
To investigate the subcellular localization of TaBOR1s, open reading frames (ORFs) of TaBOR1.1-TaBOR1.3 were fused to the 5 0 end of the ORF of green fluorescent protein (GFP) and placed under the control of a ubiquitin1 promoter (pUbi::TaBOR1:GFP). NIP5;1 fused to the 3 0 end of the ORF of mCitrine under the control of a ubiquitin10 promoter (pUBQ10::mCitrine-NIP5;1, Alassimone et al. 2010 ) was used as a plasma membrane marker. The constructs were introduced into Arabidopsis leaf cells by Agrobacterium. The leaves were incubated with FM4-64 to visualize the plasma membrane before observation by a confocal laser scanning microscope. GFP fluorescence and FM4-64 in cells expressing TaBOR1.1-GFP (Fig. 3A) , TaBOR1.2-GFP (Fig. 3B ), TaBOR1.3-GFP ( Fig. 3C ) and mCitrine-NIP5;1 (Fig. 3E) were observed at the cell periphery. In leaves co-cultivated with Agrobacterium with or without constructs (negative control; Fig. 3D ), the stomata in the guard cells showed green autofluorescence. Although some cells of the negative control showed green autofluorescence in the cell periphery, the signals in all TaBOR1-GFPexpressing cells were stronger than that of autofluorescence, suggesting that TaBOR1.1-TaBOR1.3 are localized to the plasma membrane. FVEKVPYKSMAAFTLLQIFYFGLCYGVTWIPVAGIMFPVPFFLLIAIRQYILPKLFNPAH 599 ***.**:*::* ***:* *: :*:*:****:**::**: :::*:.:***:**::*: **
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LGKQLYLAWAAWVCVWTALLLFVMAILNTADIINRFTRVAGELFGMLISVLFIQQAIKGM 180 ** *:***:.*******::**::*: .:..*******:******:**::**:******: (1 mM B) conditions for 18 d. Total RNA was extracted from roots and shoots of the samples, and the copy number of the transcript present in the total RNA samples was determined (Fig. 4) . TaBOR1 genes were expressed in both roots and shoots with different abundances and patterns of B responses (Fig. 4) . In roots, the abundances of transcripts for TaBOR1.1, TaBOR1.2 and TaBOR1.3 were more or less equivalent, while in shoots the transcripts for TaBOR1.2 are the most abundant, followed by those of TaBOR1.1 and TaBOR1.3. TaBOR1.3 transcript accumulation is much less than that of the others in shoots. The three genes responded differently to B conditions. Accumulation of TaBOR1.1 mRNA was induced in both roots and shoots by B deficiency. The expression levels of TaBOR1.1 were 1.6 and 4.7 times higher in roots and were 2.4 and 3.3 times higher in shoots under low B conditions than under sufficient or excess B conditions, respectively. In contrast, the TaBOR1.2 gene was expressed at high levels in excess B conditions in roots and shoots. TaBOR1.2 transcript levels in roots in the excess B condition was 1.9 times higher than those under low and sufficient B conditions. TaBOR1.2 transcript levels in shoots under excess B conditions was 1.9 times higher than that under the low B condition. The expression of the TaBOR1.3 gene was induced mainly in roots. The accumulation of TaBOR1.3 transcript in low or sufficient B conditions was 2.3 and 2.7 times higher in roots and 1.6 and 2.8 times higher in shoots than that in excess B conditions, respectively. The differences described above are statistically significant (P < 0.01, post-hoc Tukey's test). These experiments were repeated three times with three replications for each treatment, and similar results were obtained in each case. These results indicated that TaBOR1.1 and TaBOR1.3 responded to B deficiency while TaBOR1.2 responded to B toxicity in both roots and shoots.
Discussion
TaBOR1 genes are orthologs of OsBOR1 and AtBOR1
AtBOR1 and OsBOR1 are efflux-type B transporters in A. thaliana and rice, respectively (Takano et al. 2002 , Nakagawa et al. 2007 . In this study, we identified TaBOR1s as wheat efflux transporters of B. The phylogenetic analysis showed that the three BOR1-like genes (TaBOR1.1, TaBOR1.2 and TaBOR1.3) in the wheat genome are the most similar to OsBOR1 (Fig. 1B) . TaBOR1s show 91% and 79-80% amino acid identity with OsBOR1 and AtBOR1, respectively. The close phylogenetic relationships of the TaBOR1 genes and functional similarities of the gene products indicate that TaBOR1 genes are orthologs to OsBOR1 and AtBOR1. Furthermore, TaBOR1s are capable of reducing the B concentrations in cells when expressed in tobacco BY-2 cells (Fig. 2) , suggesting that these are functional efflux transporters of B, similar to AtBOR1 and OsBOR1. We conclude that TaBOR1 genes are orthologs of AtBOR1 and OsBOR1.
In the present study, we used tobacco BY-2 cells for the functional study of the transporters. In the initial phase of the experiments, we generated yeast cells carrying expression constructs for TaBOR1s without any detectable change in B concentration in the cells (data not shown). It is not clear why wheat genes did not reduce the B concentration in the yeast cells, but the fact that the B concentration was reduced in the BY-2 cells established that TaBOR1s are functional efflux transporter of B. Furthermore, all TaBOR1-GFP fusions expressed in Arabidopsis leaf cells showed localization to the cell periphery (Fig. 3) . Considering that the TaBOR1s are predicted to have multiple transmembrane domains, it is most probable that these transporters are localized in the plasma membrane, similar to the case of AtBOR1 and OsBOR1 (Takano et al. 2002 , Nakagawa et al. 2007 . Taken together, these results suggest that TaBOR1s are efflux-type B transporters in plant cells.
The expression of three TaBOR1 genes in roots and shoots is differentially affected by boron conditions
In the present study, we demonstrated that three TaBOR1 genes are expressed with a different tissue specificity and responses to B conditions (Fig. 4) . This is a clear contrast to the previously reported cases in A. thaliana and rice. The accumulation of AtBOR1 and OsBOR1 transcripts in leaves and roots was not affected by B limitation (Nakagawa et al., 2007 , Takano et al. 2010 . Apparently, the regulation of TaBOR1 genes is different from the cases of AtBOR1 and OsBOR1, suggesting different roles and regulation of these genes.
Recently, six BOR1-like genes were identified in Brassica napus and named as BnBOR1;1a, BnBOR1;1c, BnBOR1;2a, BnBOR1;2c, BnBOR1;3a and BnBOR1;3c (Sun et al. 2012) . Semi-quantitative real-time PCR analysis of these BnBOR1 genes showed that BnBOR1;1a, BnBOR1;1c, BnBOR1;2a and BnBOR1;2c were mainly expressed in root, stem and flower, while BnBOR1;3a and BnBOR1;3c were expressed in all tested tissues, including root, stem, leaf, flower, bud and silique. The accumulation of BnBOR1;1c and BnBOR1;2a mRNA increased under low B conditions compared with under high B conditions, while the accumulation of mRNA in the rest of the BnBOR1 genes was not changed and they were constitutively expressed under both low and high B conditions. In the case of TaBOR1 genes, the accumulation of TaBOR1.1 and TaBOR1.3 mRNA was up-regulated in response to B limitation (Fig. 4) . In contrast, the accumulation of TaBOR1.2 mRNA increased under excess B conditions compared with low and normal B conditions in roots. Brassica napus is amphidiploid. It is likely that expression patterns of BOR1 genes in a plant species with a complex genome differ among various the BOR1 genes. It is likely that these genes are diversified to have different physiological roles.
Possible functional differences among the TaBOR1s
Although the accumulation of OsBOR1 transcripts in whole roots is not affected by B limitation, the histochemical observation of ProOsBOR1:GUS transgenic plants demonstrated that the expression of OsBOR1 in endodermal and exodermal cells responded to B limitation (Nakagawa et al. 2007 ). TaBOR1 proteins are very similar to OsBOR1. It is possible that TaBOR1s have differential tissue-specific expression-although the tissue-specific localization of TaBOR1s needs to be analyzed further. Interestingly, the accumulation of TaBOR1.2 transcript was at high levels under excess B conditions in both roots and shoots, suggesting that TaBOR1.2 may have a function in excluding B from tissues for resistance to B toxicity, as is the case of AtBOR4 ). AtBOR4 is a paralog of AtBOR1, and has different characteristics from AtBOR1 in terms of polar localization and protein degradation in response to B. AtBOR1 is degraded via the endocytic pathway in response to B, while At BOR4 is not. Overexpression of AtBOR4 showed B toxicity tolerance and reduced the B concentration in roots and shoots under excess B conditions compared with the wild type. To investigate the possibility that Ta BOR1.2 has a similar function to AtBOR4, we compared the amino acid sequences among AtBOR1, AtBOR4 and TaBOR1s (Fig. 1A) . The C-terminal regions are the most divergent regions between AtBOR1 and AtBOR4. In the case of TaBOR1 genes, the C-terminal regions are more closely related to AtBOR1 compared with AtBOR4. Recently, Kasai et al. (2011) demonstrated that Lys590 in the C-terminal region is required for AtBOR1 degradation in response to B. The amino acid Lys590 is conserved in the sequence of TaBOR1s (Fig. 1A) , suggesting that TaBOR1s are also degraded via the endocytic pathway in response to B. These findings imply that TaBOR1s, including BOR1.2, have similar functions to AtBOR1 rather than to AtBOR4.
In summary, we demonstrated that the wheat genome contains three BOR1-like genes, named TaBOR1.1, TaBOR1.2 and TaBOR1.3 (Fig. 1) . TaBOR1 is most similar to OsBOR1 (91% amino acid identity). It is possible that the function and regulation of TaBOR1 are more similar to those of OsBOR1 than to those of AtBOR1. The TaBOR1s are efflux-type B transporters (Fig. 2) that localize to the plasma membrane (Fig. 3) . The transcript accumulation of TaBOR1 genes changes with the B status of the medium. TaBOR1.1 and TaBOR1.3 transcripts are up-regulated under low B conditions, while TaBOR1.2 transcript is up-regulated under excess B conditions (Fig. 4) . These expression patterns and possible functional differences represent an interesting example for the diversification of very similar genes in plant species with complex genomes.
Materials and Methods
Plant materials and cultures
Wheat (T. aestivum L.) seeds were germinated on a 0.3 mM CaCl 2 plate for 3 d at 4
C after surface sterilization in 1% H 2 O 2 for 60 min, and then incubated in a vertical position for 3 d at 20-25 C under fluorescent lamps in long-day conditions (16 h light/8 h dark cycle). The seedlings were transplanted into a 1.5 liter pot wrapped with black plastic tape and containing half-strength Hoagland nutrient solution supplemented with 18 nM, 18 mM or 1 mM boric acid. Wheat seedlings were grown in a growth chamber under controlled conditions (temperature 20-25 C; photoperiod 16 h light/8 h dark; relative humidity 60-70%).
Sequence alignment and phylogenetic analysis
A similarity search of wheat expressed seqeunce tags (ESTs) was performed with the OsBOR1 amino acid and cDNA sequence using the BLAST programs in the Wheat Genetic Resources Database (KOMUGI) at the National BioResource Project website (NBRP; http://www.shigen.nig.ac.jp/wheat/komugi). The amino acid sequences of all putative wheat BOR1s were aligned by ClustalW2 (http://www.ebi.ac.uk/tools/msa/clus talw2). A phylogenetic tree, based on BOR family members from A. thaliana, rice and wheat, was constructed using Phylodendron software (http://iubio.bio.indiana.edu/treeapp/ treeprint-form.html). Aligned sequences were used to generate the phylogenetic tree.
Plasmid constructions
The TaBOR1-GFP fusions were constructed as follows. Total RNA was extracted from shoots using an RNeasy plant mini kit (Qiagen) according to the manufacturer's instructions. RNA was reverse transcribed to cDNA using the PrimeScript RT reagent kit (TAKARA) with an oligo(dT) 16 primer. The TaBOR1.1-TaBOR1.3 cDNAs were amplified by PCR using primers 5 0 -ATACGCTCTCCGATTCCTTC-3 0 and 5 0 -ACCGTGCAT AAGTAGACATC-3 0 for TaBOR1.1; 5 0 -AAAAGCGTAATCTGGG TCTCT-3 0 and 5 0 -ACCGTGCATAAGTAGACATC-3 0 for TaBOR1.2; and 5 0 -GGTGAATCCCTTGTCGGGTT-3 0 and 5 0 -AC CGTGCATAAGTAGACATC-3 0 for TaBOR1.3. The amplified fragments were cloned into the ZeroBlunt vector (Invitrogen) according to the manufacturer's instructions. After subcloning, the nucleotide sequences of the TaBOR1.1-TaBOR1.3 cDNAs were confirmed by DNA sequencing. The EcoRI fragments from the plasmids containing TaBOR1.1-TaBOR1.3 were subcloned into the EcoRI vector fragment from the binary vector pYES2 (Invitrogen). The KpnI-NcoI fragments from the plasmids containing TaBOR1.1-TaBOR1.3 were then subcloned into the KpnI-NcoI fragment from the vector pTF521, which is the pYES2 vector containing GFP. The resulting plasmids contained TaBOR1.1-GFP, TaBOR1.2-GFP and TaBOR 1.3-GFP. The maize ubiquitin1 promoter (pUbi) was amplified from the pANDA vector (Miki and Shimamoto 2004) by PCR using primers, 5 0 -ATGAAGCTTGCAGCGTGACCCGGTCGTGC-3 0 and 5 0 -CATG TTAACCATCTGCAGAAGTAACACCAAAC-3 0 . HindIII and HapI (blunt-ended) recognition sites are underlined, respectively. The HindIII-HapI fragment of pUbi was subcloned into the HindIII-SalI (SalI was blunt-ended) fragment from the binary vector pMDC32 (Curtis and Grossniklaus 2003) . The TaBOR1.1-GFP, TaBOR1.2-GFP and TaBOR 1.3-GFP were amplified using primers, 5 0 -ATGCTGCAGATGGAGGAGAGCT TCGTGCC-3 0 and 5 0 -TTACTTGTACAGCTCGTCCA-3 0 . The PstI recognition site is underlined. The PCR products containing TaBOR1.1-TaBOR1.3:GFP were then subcloned into the PstIHapI fragment from the binary vector pMDC32 containing pUbi. The resulting plasmids containing pUbi::TaBOR1.1-TaBOR1.3:GFP were used to determine the TaBOR1 activities in BY-2 cells and the subcellular localization of Ta BOR1 in Arabidopsis leaf cells.
Determination of TaBOR1 activity in BY-2 cells
Transformation of BY-2 cells was performed as follow. A 5 ml aliquot of 72-h-old BY-2 culture was co-cultivated with 100 ml of Agrobacterium EHA101 carrying plasmids containing pUbi::TaBOR1.1-pUbi::TaBOR1.3:GFP and incubated for 42-60 h at 27 C in the dark. The cells were incubated with medium containing 1 mM boric acid for 60 min. The transformed BY-2 cells were mixtures of a number of independently transformed cells. The soluble fraction of BY-2 cells was sampled, and the B concentrations were determined using ICP-MS as described by Takano et al. (2002) .
Subcellular localization of TaBOR1-GFP fusions
For transient expression of TaBOR-GFP fusions in Arabidopsis leaf cells, we followed the method of Grefen et al. (2010) with the following modifications. For co-cultivation of Agrobacterium strain GV3101:pMP90 with Arabidopsis seedlings, we used MGRL medium (Takano et al. 2005 ) containing 10 mM boric acid instead of MS basal salts medium. After cocultivation for 24 h, the seedlings were washed twice with 0.003% NaClO, then twice with sterile water, and cultured in fresh MGRL medium containing 10 mM boric acid for 24 h.
The construct for pUBQ10::mCitrine-NIP5;1 (Alassimone et al. 2010) was provided by N. Geldner. The cotyledons were incubated with 10 mM FM4-64 for at least 5 min before observation. Confocal images were taken with a confocal laser scanning microscope (Leica TCS-SP8) equipped with a waterimmersed Â 40 lens with an excitation wavelength of 488 nm and the following detection wavelengths: 500-540 nm for GFP; 510-600 nm for mCitrine; and >650 nm for FM4-64.
RNA extraction and quantitative real-time RT-PCR
Total RNA was extracted from roots and shoots and the RNA was then reverse transcribed to cDNA as described above. The absolute real-time quantitative PCR amplification was performed using a Thermal Cycler Dice (TAKARA) with SYBR Premix Ex Taq II (TAKARA). The primers used in the RT-PCR were designed using Primer3 software (http://frodo.wi.mit.edu/ primer3). The sequences of the primers were as follows: 5 0 -CCG GTATCAGGATCCTAGCG-3 0 and 5 0 -ATGCCAATGTCTGCACC GCG-3 0 for TaBOR1.1; 5 0 -GCGGCTCACCTGCTACAAGC-3 0 and 5 0 -ATGCCAATGTCTGCACTGCC-3 0 for TaBOR1.2; and 5 0 -ACA TCTTCTTCGCCTCCGCG-3 0 and 5 0 -ATGCCAATGTCTGCACT GCT-3 0 for TaBOR1.3. An 8-fold serial dilution series of the plasmid carrying a BOR1-GFP fusion gene as described above, ranging from 1 Â 10 -3 to 1 Â 10 4 copies ml , were used to construct the standard curves for TaBOR1.1, TaBOR1.2 and TaBOR1.3. The concentration of the plasmid was estimated by OD 260 , and the number of copies per ml of standards was calculated according to the following formula (Yin et al. 2001 ):
Copies ml À1 ¼ 6:023 Â 10 23 Â C Â OD 260
Mol: wt Where C = 5 Â 10 -5 g ml -1 for DNA and Mol. Wt = the molecular weight of the PCR product (base pairs Â 6.58 Â 10 2 g).
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